Malabsorption {#s0010}
=============

Small intestine is the part of the gastrointestinal tract where much of the absorption takes place due to its large surface area provided by the numerous microvilli covering intestinal villi and the digestive enzymes on its surface actively secreted to optimize uptake of dietary substances. Adequate absorption takes place when there are mechanically intact digestive organs to produce the necessary enzymes as well as an adequate blood supply, motility, and microflora. Malabsorption develops when malfunction in any of these components leads to failure of absorption of nutrients resulting from a wide variety of causes ([Figure 1](#f0010){ref-type="fig"} and [Table 1](#t0010){ref-type="table"} ), the mechanisms of which can be classified into three groups: (i) maldigestion, which is related to mixing and digestive mediators; (ii) mucosal or mural causes including celiac disease (CD); and (iii) microbial causes ([Table 2](#t0015){ref-type="table"} ). Physiologically, there are three phases of absorption, luminal digestion, mucosal digestion, and mucosal absorption. The luminal phase consists of the breakdown of proteins, carbohydrates, and fats by digestive enzymes and bile, while mucosal phase involves hydrolysis of carbohydrates and peptides by enzymes of enterocyte membrane (disaccharidases and peptidases), and absorption phase comprises transepithelial transport of nutrients, fluid, and electrolytes to the blood vessels through enterocytes. Malabsorption can, therefore, result from defects in either of these phases. In the succeeding text, the mechanisms of malabsorption are further discussed for each of these phases:1.The luminal phase is where dietary fats, proteins, and carbohydrates are hydrolyzed and stabilized by digestive enzymes and bile. Diseases often associated with this phase include−enterokinase and trypsinogen deficiencies that can lead to protein malabsorption,−impaired micelle formation that can cause problems in fat stabilization and the resulting fat malabsorption due to deconjugation of bile salts,−stasis of intestinal content due to a variety of factors (motor and anatomical abnormalities and small bowel contamination from enterocolonic fistulas) that can cause bacterial overgrowth.2.Bacterial overgrowth can cause decreased luminal availability of substrates (carbohydrates, protein, and vitamins).−The mucosal phase relies on the integrity of the brush border membrane of intestinal epithelial cells to transport digested products from the lumen into the cells.−Impaired brush border enzyme activity may lead to lactose intolerance and sucrase--isomaltase deficiency.−Impaired nutrient absorption can be inherited or acquired deficits. Inherited defects include glucose--galactose malabsorption and abetalipoproteinemia.−Acquired defects that are more common may be caused by decreased absorptive surface area (intestinal resection) or damaged mucosa (celiac sprue, tropical sprue, giardiasis, and Crohn\'s disease).3.Transport abnormalities may be caused by lymphatic obstruction or vascular insufficiency. These include conditions like defective chylomicron synthesis in abetalipoproteinemia, submucosal infiltration in the intestinal wall due to lymphoma or amyloidosis, and lymphatic obstruction in intestinal lymphangiectasia. [Figure 2](#f0015){ref-type="fig"} summarizes the phases of malabsorption.Figure 2Mechanisms of malabsorption with respect to luminal, mucosal, and mural/transport phases. Figure 1Malabsorption develops when components of the mucosa are disrupted or damaged by a wide variety of injuries or stimuli including infectious, immunologic and inflammatory, and toxic or chemical causes.Table 1Causes of malabsorptionAutoimmune\
GSE\
Autoimmune enteropathyHypersensitivity\
Protein allergy (milk and soy)\
Eosinophilic gastroenteritis*Inherited/metabolic*\
MVID\
Abetalipoproteinemia\
Primary lymphangiectasia\
Chronic granulomatous disease*Nutritional deficiencies*\
B12/folate deficiency\
Zinc deficiency\
Protein--calorie deficiency*Immune disorders*\
GVHD\
AIDS and congenital immune deficiencies*Neoplastic/infiltrative diseases*\
Waldenström\'s macroglobulinemia\
Amyloidosis\
Lymphoma*Infections*\
Tropical sprue\
Whipple\'s disease\
Bacterial overgrowth\
Giardiasis\
*H. pylori* -- duodenitis*Systemic diseases*\
Lipid storage disease\
Histiocytosis X\
*Inflammatory bowel diseases*\
Crohn\'s disease\
Ulcerative colitisTable 2Mechanisms of malabsorptionAbnormalityUnderlying pathologyDefective intraluminal digestion*Pancreatic dysfunction*\
Pancreatic insufficiency (pancreatitis or cystic fibrosis)\
Inactivation of pancreatic enzymes by excess gastric acid secretion (Zollinger--Ellison syndrome)\
*Deficient or ineffective bile salts*\
Decreased bile salt uptake (ileal resection or dysfunction)\
Impaired excretion of bile -- (liver disease)\
After rerouting surgery (gastrectomy and bypass)\
*Disaccharidase deficiency* (primary disaccharidase deficiency) or secondary (damage to villi due to celiac disease)Mucosal or mural abnormalitiesGluten-sensitive enteropathy (celiac disease)\
Short gut syndrome\
Crohn\'s disease\
Allergic and eosinophilic gastroenteritis\
Neonatal enteropathies\
Abetalipoproteinemia\
Muscular or neurogenic defect of intestinal wall (amyloidosis and scleroderma)\
Intestinal lymphangiectasiaInfectionsBacterial overgrowth\
Whipple\'s disease\
Parasitic infestation\
Tropical sprue\
Giardiasis\
Cryptosporidiosis and isosporidiosis

Regardless of the cause, malabsorption syndrome refers to the clinical picture comprising diarrhea, steatorrhea, malnutrition, weight loss, abdominal pain, and anemia. Undigested food produces diarrhea, due to its voluminous effect in the bowel lumen. Although all three major nutrients (fat, carbohydrate, and protein) may be malabsorbed, clinical symptoms usually only develop with carbohydrate and fat malabsorption.

Small intestinal biopsy is an indispensable component of the diagnostic work-up of patients with malabsorption and/or chronic diarrhea secondary to mucosal damage. Though complete villous flattening usually indicates CD when coexisting crypt hyperplasia is present, there are entities that may cause villous flattening and crypt hyperplasia other than CD. The majority of disorders causing malabsorption, on the other hand, produce mild to moderate villus blunting and crypt hyperplasia without any specific diagnostic feature. Pathologists can also be faced with a patient with malabsorption or chronic diarrhea and a biopsy that appears normal or near-normal architecturally on microscopy. [Table 3](#t0020){ref-type="table"} highlights mucosal pathology of malabsorption.Table 3Mucosal pathology in malabsorptionNormal mucosaIELosisVillous shortening and crypt hyperplasiaFlat mucosa![](t03804-01-9780123864567.gif)![](t03804-02-9780123864567.gif)![](t03804-03-9780123864567.gif)![](t03804-04-9780123864567.gif)

Diseases Associated with Luminal Maldigestion {#s0015}
---------------------------------------------

Digestion begins in the mouth with mechanical disruption of food by chewing and mixing it with enzymes in the saliva. Further mechanical digestion continues in the stomach until the semiliquid food or chyme is formed. Digestion is completed when chyme is delivered into the duodenum and treated with pancreatic enzymes and bile salts. When normal gastric function is lost due to surgical procedures such as partial or total gastrectomy, the partially digested food rapidly passes into the duodenum causing osmotic pressure and diarrhea. Enzymatic activity is equally crucial for absorption of nutrients. Pancreatic enzymes and intestinal brush border hydrolases act in harmony for chemical modification of complex carbohydrates, proteins, and lipids. Therefore, any disorder causing defective nutrient hydrolysis as in Zollinger--Ellison syndrome (ZES) where excess HCl (acid) production may inactivate gastric lipase and proteolytic pancreatic exocrine enzymes, pancreatic enzyme deficiency due to chronic pancreatitis, or a malignancy obstructing the outflow of pancreatic juices into the duodenum may all lead to malabsorption. There are reduced bile salt synthesis due to severe liver disease (cirrhosis) and impaired bile salt secretion due to chronic cholestasis (intrinsic liver disease that causes bile duct damage or extrahepatic bile duct obstruction): bile salts are thus not available to form micelles to aid in fat solubilization for absorption. Bile salts may be inactivated in the intestinal lumen by overgrowth of bacteria in small intestinal bacterial overgrowth syndrome (SIBO). In patients with conditions that predispose to intestinal stasis, either by anatomical or motility abnormalities bacteria may overgrow in the proximal small intestine ([Figure 3](#f0020){ref-type="fig"} ). These excess bacteria deconjugate bile salts leaving them unconjugated and unable to participate in micelle formation. This leads to malabsorption of fat and fat-soluble vitamins A, D, E, and K.Figure 3Diseases associated with luminal maldigestion.

Diseases Associated with Mucosal Maldigestion {#s0020}
---------------------------------------------

Disaccharidase deficiency including lactase, sucrase, and maltase deficiencies may be either primary or secondary that may be differentiated by histology. Low levels with normal histology may suggest primary deficiency, while the preceding disorder such as celiac disease may also be diagnosed by histology in secondary deficiency.

*Lactase deficiency*: Among the disaccharidase deficiencies, lactase deficiency is by far the most common form worldwide. Lactase is a disaccharidase located on the surface of intestinal microvilli, which cleaves lactose to glucose and galactose. Lactase deficiency or hypolactasia in adulthood causes fermentation of lactose by intestinal microflora resulting in abdominal discomfort and diarrhea. The diarrhea is caused by the osmotic effects of lactose, glucose, and galactose in the colonic lumen, while short-chain fatty acids produced by fermentation of lactose cause flatulence ([Figure 4](#f0025){ref-type="fig"} ). Rare primary congenital deficiency may occur in infants, while secondary deficiency may result from disorders causing mucosal injury including celiac disease, tropical sprue, and inflammatory bowel disease (IBD). Intermittent distribution of lactase on the brush border is revealed by immunohistochemistry, hydrogen breath tests and response to an exclusion diet are the diagnostic procedures for lactase deficiency.Figure 4(1) Normal absorption of carbohydrates with intact brush border hydrolase activity. Lactase acts upon luminal lactose and cleaves it to glucose and galactose that can then be absorbed by the intestines. (2) In lactase deficiency, this cleavage cannot take place leaving lactose intact until it reaches the colon where fermentation by intestinal microflora occurs resulting in gas formation. The intact lactose causes osmotic diarrhea due to its voluminous effect in the lumen. In case of hypolactasemia, little cleavage of glucose and galactose occurs. SCFA, Short chain fatty acids.

Diseases Associated with Mucosal Malabsorption {#s0025}
----------------------------------------------

Conditions leading to a decrease in surface area of the small intestine are among the leading causes of malabsorption as they also cause shortened transit time and defective exposure to digestive enzymes. This may be in the form of either decreased intestinal mucosal mass as in surgically resected small bowel or short bowel syndrome or may result from functional loss of the mucosa as in CD, tropical sprue, autoimmune enteropathy, and intestinal lymphangiectasia.

*Celiac Disease*: CD, also known as celiac sprue, nontropical sprue, gluten-induced enteropathy, or gluten-sensitive enteropathy (GSE), is a chronic inflammatory disorder of the small intestine characterized by malabsorption after ingestion of wheat gluten or related proteins in rye (secalins) and barley (hordeins) in individuals with a certain genetic background. The pathogenesis involves a T-cell-mediated immune response and autoreactive B lymphocytes that produce autoantibodies directed against gliadin, endomysium, or tissue transglutaminase (tTG) in individuals with a genetic susceptibility related to human leukocyte antigen (HLA)-DQ2 and HLA-DQ8.

The mechanism(s) by which gluten injures the epithelium has not been fully established. However, immunologic, genetic, and environmental factors all seem to be important.a.Immune mechanisms. Multiple observations favor the conclusion that celiac disease is an autoimmune disorder occurring in the context of a combination of genetic and environmental factors, including the following:i.Serum antibodies to gluten and its gliadin fraction are virtually always present in active celiac disease. A recent study showed subepithelial deposition of activated complement IgG and IgM in proportion to circulating antigliadin levels, suggesting humoral epithelial injury.Antireticulin antibodies, antiendomysium antibodies, and anti-tTG antibodies also correlate with disease activity and have diagnostic specificity.ii.There is presence of numerous intraepithelial lymphocytes (IELs), chiefly in the injured surface epithelium (these are mostly T cells, but with a high proportion gamma/delta types). This is highly consistent with cell-mediated injury that is somehow facilitated by gluten.iii.Steroids can cause patient improvement comparable to that with a gluten-free diet (GFD).iv.Patients with celiac diseases show a highly significant excess of other autoimmune diseases (e.g., insulin-dependent diabetes mellitus).b.Genetic factors. Genetic factors include the following:i.There are a strong tendency for celiac disease to run in families (11--22% occurrence in first degree relatives) and also a high (70%) concordance for celiac diseases in identical twin pairs.ii.There is a high correlation between celiac disease and presence of HLA-B8, DR3(DR17), DR7, and DQ2 histocompatibility loci. The strongest association (95%) is with a specific HLA DQ2 molecule that is seen in only 20--30% of the general population. The genetics seem to be 'complex' and a multigenic HLA-associated susceptibility is favored.iii.There are overlap with the blistering skin condition dermatitis herpetiformis, including similar mucosal alterations, and overlap in HLA markers and improvement in the skin lesions on a GFD.c.Environmental factor(s). It seems likely that an environmental factor is a necessary precondition, along with appropriate genetic makeup and gluten ingestion, for an individual to develop celiac disease. Support for this conclusion comes from the following:i.The fact that only one member of an identical twin pair is sometimes affected by celiac disease.ii.There is evidence of a possible role for viral infection: in one study, serological findings of prior exposure to an adenovirus (type 12) were unusually common. In addition, a type 12 adenovirus antigen shares an amino acid sequence with gliadin. Although more recent studies have not confirmed a direct correlation between celiac diseases and adenovirus 12, the concept remains an attractive paradigm.

Mucosal pathology in CD may be summarized as follows:

Following uptake of gluten by the enterocytes, tTG deamidates gluten molecules that facilitate their binding to HLA-DQ2 and DQ8-bearing antigen-presenting cells. When gluten is presented to lamina propria CD4 + helper T cells, they become activated to secrete INF gamma and induce upregulation of IL15 that in turn boosts IEL-mediated cytotoxicity. IELs, under the influence of IL15, gain NK-cell-like properties and cause enterocyte damage ([Figure 5](#f0030){ref-type="fig"} ). Tissue damage leads to tTG secretion and deamidation of more gluten peptides. Because of the immunopathologic basis of the disease, there is a complex and heterogeneous population of inflammatory cells in the lamina propria comprising plasma cells that locally produce antigliadin antibodies and antiendomysial antibodies, T cells that include predominantly helper T cells as well as few cytotoxic cells. Also, neutrophils, eosinophils, and mast cells may be found in varying numbers, though grading this inflammatory reaction is difficult and impractical. Since none of these changes is specific to CD, intraepithelial lymphocytosis (IELosis) and architectural changes effecting villous to crypt ratio remain as the main diagnostic parameters of pathological evaluation. Gluten sensitivity has also been known to affect other parts of the gastrointestinal tract, including esophagus, stomach, and large intestine, and interestingly enough, IELs are also increased in these areas in the form of lymphocytic esophagitis, gastritis, and colitis.Figure 5Pathogenesis of celiac disease (CD). Following uptake of gluten by the enterocytes, tissue transglutaminase deamidates gluten molecules, which facilitates their binding to HLA-DQ2 and DQ8-bearing antigen presenting cells. When gluten is presented to lamina propria CD4 + helper T cells, they become activated to secrete certain cytokines including INF gamma and IL15. The latter induces CD8 + T-cell influx to the surface epithelium, thus causing intraepithelial lymphocytosis (IELosis). Intraepithelial lymphocytes (IELs) under the influence of IL15 gain NK-cell-like properties and cause enterocyte damage.

Clinical presentation varies from full-blown malabsorption with weight loss, diarrhea, and steatorrhea to more subtle symptoms such as folate or iron deficiency anemia, flatulence, episodic diarrhea, loose stools, neurological problems, osteoporosis, and vitamins K and D deficiencies in as many as 50% of patients. In children, usually within a few months of introducing the child to wheat-based foods, the classical syndrome of chronic diarrhea, steatorrhea, abdominal distension, and failure to thrive appears between 6 months and 2 years of age. Both weight (40% below 10th centile), though more often, and growth (25% below 10th centile) are affected in these children. Current estimates show that the incidence is at 1:100 in wheat-eating populations such as Western Europe and North America, while the incidence continues to rise in Eastern societies, possibly, as a result of 'Western style' eating habits.

The diagnosis of CD currently relies on clinicopathologic studies including HLA subtyping, serological tests, mucosal biopsy, and the effects of a diet free of gluten on the symptoms.

Based on a substantial amount of clinical research including a sequence of dynamic studies, the morphological continuum of gluten sensitivity was first introduced by Marsh. Marsh classification is comprised of three consecutive states of mucosal damage (types 1--3), including infiltrative lesion (Marsh type 1) characterized by increased IELs in the villus epithelium in an otherwise normal mucosa with normal villous--crypt ratio, hyperplastic lesion (Marsh type 2) characterized by crypt hyperplasia with normal villi showing increased IELs, and destructive lesion (Marsh type 3) characterized by flat mucosa with crypt hyperplasia and increased IEL ([Figure 6](#f0035){ref-type="fig"} ). In its classical form, CD results in shortened, widened villi or even totally flat mucosa with hyperplastic crypts ([Figure 7(a)](#f0040){ref-type="fig"} and [7(b)](#f0040){ref-type="fig"}). These architectural changes are preceded by an increase in the number of IELs over the normal numbers ([Figure 8(a)](#f0045){ref-type="fig"} and [8(b)](#f0045){ref-type="fig"}), corresponding to the cell-mediated immune nature of the disorder, and it is this group of cases that cause difficulty in the differential diagnosis.Figure 6Marsh classification is comprised of three consecutive states of mucosal damage (types 1--3), including infiltrative lesion (Marsh type 1) characterized by increased IELs in the villus epithelium in an otherwise normal mucosa with normal villous/crypt ratio, hyperplastic lesion (Marsh type 2) characterized by crypt hyperplasia with normal villi showing increased IELs, and destructive lesion (Marsh type 3) characterized by flat mucosa with crypt hyperplasia and increased IEL.Figure 7(a) Normal duodenal mucosa with normal villous/crypt ratio (H&E; 200 ×). (b) Characteristic flat mucosa with increased IELs of CD (H&E; 200 ×).Figure 8(a) Increased IELs in villous epithelium (H&E; 200 ×). (b) Increased IELs in villous epithelium (immunohistochemistry with anti-CD3 ab; 200 ×).

IELs have been considered to be responsible for the epithelial damage observed in CD, although the exact mechanism is still not known. The vast majority of IELs are T cells, which are mostly cytotoxic T cells expressing αβ TCR on their surface. The population specifically expanded in GSE is the CD3 +/CD4 −/CD8 −, γδ TCR-bearing IELs, which is only 5% of the total in normal mucosa ([Figure 9(a)](#f0050){ref-type="fig"} and [9(b)](#f0050){ref-type="fig"}).Figure 9(a) Increased IELs in flat mucosa (H&E; 400 ×). (b) Increased IELs in flat mucosa (immunohistochemistry with anti-CD3 ab; 400 ×).

Currently, the normal upper limit of IELs is accepted as 20 lymphocytes/100 enterocytes (a ratio of 1 IEL per 5 enterocytes) in H&E sections, whereas 25 IELs/100 enterocytes (or a ratio of 1:4) in CD3 immunostained slides are considered as the upper limit of normal. IELs are active components of the mucosal immune system that is under ongoing threat from luminal antigens such as gluten, microorganisms, drugs, and other toxic molecules, all of which can cause an increase in IELs. Though IELosis in a normal mucosa is an increasingly reported pathological feature in CD, it is by no means diagnostic, since overlap in the IEL counts occurs between CD and non-CD patients. Various pathological processes, including food allergies other than CD, *Helicobacter pylori*-associated duodenitis, giardiasis, graft-versus-host disease (GVHD), tropical sprue, viral enteritis, nonsteroidal anti-inflammatory drug (NSAID) injury, chemoradiotherapy-induced enteritis, autoimmune enteropathy, immunodeficiencies, and Crohn\'s disease, can induce IELosis with or without associated architectural changes. Entities causing IELosis and flat mucosa are listed in [Table 4](#t0025){ref-type="table"} .Table 4Conditions that are included in the differential diagnosis of GSEIELosisVillous shortening/flatteningHP-associated gastroduodenitisMicrovillus inclusion disease (MVID)Nongluten food hypersensitivityAutoimmune enteropathyInfectionsTropical sprueBacterial overgrowthRefractory sprueDrugs (primarily NSAIDs)Collagenous sprueIgA deficiencyChemoradiotherapyCommon variable immunodeficiencyGraft-versus-host disease (GVHD)Crohn\'s diseaseNutritional deficienciesSmall bowel allograft rejectionEITCL

Complications of CD {#s0030}
===================

Refractory sprue comprises patients with incomplete or no response to GFD for at least 6 months. Histopathologically, most cases with refractory sprue show flat or near flat mucosa with a dense mononuclear infiltrate of mainly plasma cells and lymphocytes in the lamina propria and a massive increase in IELs. The lymphocytes in the villous, crypt epithelium, and lamina propria are normal to medium in size with a normal cytological appearance. However, refractory sprue can be divided into two subtypes by means of T-cell clonality: type 1 refers to cases with no clonality on TCR gene rearrangements and CD3 + CD8 + phenotype, while type 2 comprises cases with CD3 + CD8 − phenotype and showing clonal expansions proved by monoclonal rearrangements of the TCRγδ gene. These features have led to the idea that these cases represent a form of *in situ* or 'cryptic' T-cell lymphoma.

Collagenous sprue refers to a variant entity having a thick collagen table beneath the surface epithelium of a mucosa that also has other typical features of CD, including IELosis and flat mucosa.

Enteropathy-induced T-cell lymphoma (EITCL) is the most fearsome complication of CD in patients with long-standing malabsorption. They usually suffer from severe malabsorption refractory to GFD, causing weight loss and complications such as perforations and bleeding due to ulcerative lesions. Histopathologically, the mucosa is flat with ulcerations and crypt hypoplasia together with an atypical population of neoplastic lymphocytes infiltrates the mucosa. Lymphoma cells are pleomorphic large cells that are double-negative (CD8 − and CD4 −) with cell surface markers but are almost always positive with CD30 that is also associated with poor prognosis.

Tropical (Postinfectious) Sprue {#s0035}
-------------------------------

This is a rare disorder of unknown etiology, mainly occurring among the individuals living in or visiting the tropical countries. Tropical sprue results from a nutritional deficiency or a transmissible microorganism and/or a toxin. Malabsorption is usually initiated by an infection followed by colonization of the small bowel by enterotoxigenic bacteria.

Despite the fact that a single etiologic agent has not been identified, there is much evidence that an infection initiates and sustains tropical sprue:(a)It occurs in certain specific geographic areas (e.g., West Indies and Indian subcontinent) and enteric infections are common in these locations.(b)In some areas, it is epidemic.(c)Aerobic enterobacteria colonize the patient\'s small intestine and these may be toxin-producing (note that this differs from the stasis syndrome in which anaerobic bacterial overgrowth is central (see in the succeeding text)).(d)Recovery after treating tropical sprue with broad-spectrum antibiotics is usually rapid and dramatic.(e)Some have postulated that a protozoan infection such as *Cyclospora* may play a role.

The entire small intestine including the ileum is involved with equal severity in tropical sprue, causing vitamin B12 and folate deficiencies resulting in megaloblastic change in the crypt epithelial cells. The mucosal lesion is similar to CD with varying degree of villous blunting, though completely flat mucosa is rare. Increase in lamina propria lymphocytes, plasma cells, neutrophils, and eosinophils as well as IELs that are more prominent in the crypts than the surface epithelium is usually present.

Inflammatory Bowel Disease {#s0040}
--------------------------

Upper GI involvement in IBD has been increasingly reported in the past years. Both Crohn\'s disease and ulcerative colitis may indeed affect the upper GI, including the duodenum.

### Crohn\'s disease {#s0045}

Though the exact frequency of upper gastrointestinal involvement in Crohn\'s disease is not known, it can reach up to 30--50% of cases in some centers. Most patients with involvement of the duodenal bulb have concomitant gastric antral involvement in the form of focal active inflammation. However, distal duodenal disease is usually associated with ileal and colonic involvement. Symptoms of upper GI involvement are epigastric pain, nausea and vomiting, and rarely diarrhea. Endoscopically, aphthous ulcers and granularity of the duodenal mucosa are seen. Mild to moderate villous blunting can be found in the duodenum together with patchy or segmental chronic inflammation in the lamina propria and gastric mucin cell metaplasia ([Figure 10(a)](#f0055){ref-type="fig"} and [10(b)](#f0055){ref-type="fig"}). Granulomas are uncommon, but when found, they are usually more often in the stomach than the duodenum and can be helpful in the differential diagnosis.Figure 10(a) A small discrete non-necrotizing granuloma in the lamina propria of otherwise normal-looking duodenal mucosa in Crohn\'s disease (H&E; 40 ×). (b) Closer view of the epithelioid granuloma (H&E; 200 ×).

### Ulcerative colitis {#s0050}

There is a group of patients with ulcerative colitis that presents with diffuse duodenal involvement. This has been reported particularly in patients with pancolitic presentation of ulcerative colitis who do not respond to steroids. Histologically, duodenal mucosa may show active duodenitis with distortion of the crypts, cryptitis, and even crypt abscesses.

Regardless of the type of IBD, mucosal involvement of the small bowel may lead to a decrease in mucosal surface area and malabsorption. Moreover, scarring following ulceration, particularly in Crohn\'s disease, may result in secondary lymphatic obstruction. Fistulous tracts also cause diminished mucosal area, stasis, and bacterial overgrowth.

There are conditions causing malabsorption through mechanisms involving not only the mucosa but also the intestinal wall such as scleroderma, amyloidosis, eosinophilic gastroenteritis, and neuromuscular disorders like intestinal familial neuro/myopathies. The pathology common to all the aforementioned conditions is the resultant defective peristaltism leading to luminal stasis and bacterial overgrowth that cause malabsorption.

### Amyloidosis {#s0055}

GI involvement is very common in systemic amyloidosis. GI symptoms comprise malabsorption, hemorrhage, nausea, and vomiting. Endoscopic findings are nonspecific and biopsies from the rectum and stomach with sufficient submucosal tissue aid a correct diagnosis as deposition of amyloid protein may be present in vessel walls, muscularis mucosae, and nerves and rarely as extracellular globules in the lamina propria. Appropriate histochemical stains such as Congo red or Sirius red are necessary for diagnosis, while immunohistochemistry can be used to classify the type of amyloid fibril protein. Deposition of amyloid in the vessels causes them to become leaky and fragile leading to hemorrhage. Deposits in the wall, in either the muscle or nerve bundles, cause impaired motility, while mucosal deposits lead to malabsorption and diarrhea due to diminished mucosal surface area by obliteration of the villi.

### Eosinophilic gastroenteritis {#s0060}

Is a spectrum of diseases characterized by eosinophilic infiltration of various segments of the GI tract together with peripheral eosinophilia and coexisting allergies. Disorders causing gastrointestinal mucosal eosinophilia are presented in [Table 5](#t0030){ref-type="table"} . The disease may be patchy and may involve either only the mucosa or mural and serosal involvement may also be found. The mechanism is believed to be mediated through activation of Th2 lymphocytes leading to an increased production of proallergenic interleukins, especially, IL-4, IL-5, and IL13. While IL-5 promotes maturation of eosinophils and migration from the bone marrow into the circulating bloodstream, IL-4 and IL-13 upregulate the production of eotaxin-3 by the epithelium, a chemokine responsible for attracting the eosinophils into the mucosa ([Figure 11](#f0060){ref-type="fig"} ). As a result, mature eosinophils accumulate in the intestine, are activated, and degranulate releasing multiple cytotoxic agents. Though the mechanism of fibrogenesis is still unclear, IL-5, by inducing fibroblast--myofibroblast transdifferentiation, may be the critical molecule for tissue fibrosis as well as smooth muscle hyperplasia that leads to defective peristaltism and malabsorption in this condition. Histological abnormalities consist of mild to severe eosinophilic infiltrates in the lamina propria and intraepithelial eosinophils both in the surface and crypt epithelium, forming eosinophilic crypt abscesses, and in the muscularis mucosae together with mildly increased IELs ([Figure 12(a)](#f0065){ref-type="fig"} and [12(b)](#f0065){ref-type="fig"}).Table 5Causes of gastrointestinal mucosal eosinophiliaFood allergyPrimary eosinophilic gastroenteritisIrritable bowel syndromeInflammatory bowel diseaseHelminthic infectionsDrugsFigure 11Mechanism of eosinophilic enteritis is mediated through activation of Th2 lymphocytes leading to an increased production of proallergenic interleukins, especially, IL-4, IL-5, and IL13. While IL-5 promotes maturation of eosinophils and migration from the bone marrow into the circulating blood stream, IL-4 and IL-13 upregulate the production of eotaxin-3 by the epithelium, a chemokine responsible for attracting the eosinophils into the mucosa.Figure 12(a) Eosinophilic enteritis showing numerous eosinophils in the lamina propria (H&E; 400 ×). (b) Eosinophilic infiltration of the crypt epithelium (H&E; 400 ×).

### NSAID injury {#s0065}

Due to the frequent use of NSAIDs, particularly in the elderly, they are among the common causes of small intestinal mucosal injury. NSAIDs cause nonspecific erosions and ulcerations in the mucosa that may eventually lead to formation of strictures in as high as 50--70% in patients using these drugs. A rare but special form of strictures is known as the 'diaphragm disease.' It involves numerous weblike mucosal septa projecting into the lumen causing obstruction and mucosal stasis. The diaphragms are commonly located in the terminal ileum, leading to protein-losing enteropathy. Histology of these diaphragms comprises reactive epithelium and prominent submucosal fibrosis lying perpendicular to the surface.

### Autoimmune enteropathy {#s0070}

This is the most common enteropathy of childhood. It is a rare condition caused by autoantibodies to intestinal mucosa primarily affecting children who suffer from severe chronic diarrhea within the first months of life. The patients may have a variety of autoantibodies to self-antigens in different organs including the pancreas, thyroid, and small intestine and may suffer from other autoimmune disorders such as rheumatoid arthritis, myasthenia gravis, psoriatic arthritis, hypoparathyroidism, idiopathic thrombocytopenic purpura, and atrophic gastritis. The hallmark of the disease is the presence of autoantibodies to goblet cells, enterocytes, parietal cells, or islet cells. There are two variants of the disease, namely, IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-linked) and APECED (autoimmune polyendocrinopathy, candidiasis, ectodermal dystrophy) syndromes. IPEX is an X-linked fatal condition causing prolonged diarrhea. APECED or autoimmune polyglandular syndrome 1 (APS-1) is an autosomal recessive disease characterized by severe enteropathy. Histological findings of villous flattening and crypt hyperplasia are similar to GSE, but the resultant secretory diarrhea is unresponsive to GFD or total parenteral nutrition (TPN). There are lymphoplasmacytic infiltration in the lamina propria and IELosis, though not as intense as in CD, and they are mainly located in the deeper crypts together with crypt epithelial cell apoptosis. There may be absence of goblet cells, Paneth cells, or endocrine cells depending on the autoantibodies.

### Primary enteropathies of infancy {#s0075}

Primary enteropathies of infancy are composed of epithelial defects including microvillus inclusion disease (MVID), tufting enteropathy (TE), and enteroendocrine cell dysgenesis.

### Microvillus inclusion disease {#s0080}

MVID ('microvillus atrophy') is an uncommon congenital enteropathy characterized by severe, intractable diarrhea within the first week of life. The disease was first described by Davidson et al. in 1978 as severe secretory diarrhea occurring during the first week of life with villous atrophy in the intestinal biopsy. It has been demonstrated that MYO5B gene located on 18q21 encoding myosin Vb that regulates the organization of intracellular transport and cell surface polarity in epithelial cells. Myosin Vb-deficient enterocytes display disruption of cell polarity as reflected by mislocalized apical and basolateral transporter proteins including CD36, altered distribution of certain endosomal/lysosomal constituents including Rab GTPases, and disorganization in the distribution of actin myofilaments ([Figure 13](#f0070){ref-type="fig"} ). Although described as a disease of the small intestine, there are few reports of colonic involvement. Successful outcomes of small intestinal transplantation have been reported, and evidence suggests that an early transplant might be beneficial. Diagnosis rests on light and electron microscopic examination of small intestinal biopsy. Duodenal biopsies show moderate villous blunting, with no active inflammation in the lamina propria or IELosis. Changes in the enterocytes are typically found at the villous tips rather than villous bases and crypts. Light microscopy shows an irregular vacuolated appearance in the apical cytoplasm of the enterocytes with extensive or patchy absence of the brush border ([Figure 14(a)](#f0075){ref-type="fig"} and [14(b)](#f0075){ref-type="fig"}). The surface epithelial brush border shows an abnormal pattern of staining by periodic acid--Schiff (PAS) and CD10 instead of its normal linear staining pattern. Ultrastructural examination revealing intracytoplasmic inclusions that are lined by intact microvilli is the diagnostic hallmark of the disease ([Figure 14(c)](#f0075){ref-type="fig"}). These inclusions are present in the absorptive surface epithelial cells of the small intestine and are associated with poorly developed surface brush border microvilli.Figure 13Pathogenesis of MVID. Mutations in MYO5B gene encoding myosin Vb that is implicated in the organization of intracellular transport and cell surface polarity in epithelial cells seem to be responsible in the development of mucosal pathology in MVID. Myosin Vb-deficient enterocytes display disruption of cell polarity as reflected by mislocalized apical and basolateral transporter proteins including CD36, altered distribution of certain endosomal/lysosomal constituents including Rab GTPases (colored circles), and disorganization in the distribution of actin myofilaments.Figure 14(a) Duodenal mucosa of a new born showing villous shortening and surface irregularity (H&E; 200 ×). (b) Apical vacuoles within the enterocyte cytoplasm (H&E; 400 ×). (c) An inclusion of microvilli in the apical cytoplasm of the enterocyte on TEM (12 400 ×).

### Tufting enteropathy {#s0085}

Also known as epithelial dysplasia, congenital TE also causes severe diarrhea in the first week of life together with various dysmorphic features including choanal atresia and esophageal/rectal atresia in some of the affected infants. Though the exact genetic abnormality is not yet known, EpCAM mutations on chromosome 2p21 have recently been suggested as the responsible genetic abnormalities. It has been speculated that there is abnormal epithelial basement membrane adhesion in the intestinal mucosa. In general, infants with TE develop watery diarrhea within the first days after birth. Stool volumes may be as high as 100--200 ml kg^− 1^ body weight per day, with electrolyte concentrations similar to those seen in small intestinal fluid. The growth is impaired. Histology is in harmony with the term 'tufting' as the surface enterocytes display focal crowding resembling tufts, buds, or small papillae, some of which seem to drop off into the lumen on sections ([Figure 15(a)](#f0080){ref-type="fig"} --[15(c)](#f0080){ref-type="fig"}). Colonic mucosa may also be involved. Deposition of laminin and heparin sulfate in the basement membrane, increased desmoglein expression, abnormalities in the desmosomes, and abnormal distribution of α2β1 integrin molecules are the other features that have been reported.Figure 15(a) Small intestinal mucosa with villous shortening and irregular surface (H&E; 100 ×). (b) Typical epithelial tufts dropping off into the lumen (H&E; 200 ×). (c) Groups of epithelial cells forming tufts and buds on the surface (H&E; 400 ×).

### Enteroendocrine cell dysgenesis {#s0090}

This disorder is associated with neurogenin 3 mutation, which is a protein involved in gut and pancreatic endocrine cell development, located on chromosome 10q21.3. Patients present with congenital diarrhea and eventually develop type I diabetes. They are TPN-dependent and may require bowel transplantation. The intestinal mucosa demonstrates nonspecific features of villous abnormalities, whereas chromogranine immunostaining reveals lack of enteroendocrine cells in the mucosa.

### Immunodeficiency states {#s0095}

Immunodeficiency states are commonly associated with malabsorption often resulting from opportunistic infections. They may be either primary such as selective IgA deficiency and common variable immunodeficiency (CVID) or secondary including iatrogenic, immunoglobulin loss due to protein-losing enteropathy and acquired immunodeficiency syndrome (AIDS).

### Selective IgA deficiency {#s0100}

Selective IgA deficiency is the most common immunodeficiency in the general population. It is characterized by lack of IgA production, major mucosal immunoglobulin. Patients have no or very low levels of IgA or selective IgA in their serum but IgM and IgG secretion are present. The disease may be congenital or induced by infection or drugs. Due to the absence of IgA, B-cell maturation is defective, while some patients may also have T-cell abnormalities. Accordingly, IgA-containing plasma cells, but not others, are absent in the mucosa. Most common clinical features are diarrhea, malabsorption, and bacterial infections. Mucosa is usually normal, though completely flat mucosa can be found in some patients.

### Common variable immunodeficiency {#s0105}

CVID is the second most common immunodeficiency syndrome after selective IgA deficiency. This is not a single entity but a group of conditions. With various underlying abnormalities, many of them are immune regulatory, including hyperactive T-cell suppression or reduced T-helper function. CVI appears after infancy and often is first discovered in adulthood. There is variable deficiency of IgA, lgM, and IgG, but IgA production and IgM production are typically reduced or absent. It is primarily a dysfunction of B-cell differentiation resulting in hypogammaglobulinemia and diminished ability to produce antibodies. Patients present with diarrhea and recurrent chronic infections. It is characterized by a paucity or absence of plasma cells in the lamina propria despite its normal lymphocytic content usually in the form of lymphoid aggregates and IELosis in the surface epithelium. Increased apoptosis is also a common feature, while in a small percentage of the cases, granulomas may be present in the lamina propria. The mucosa may also harbor infectious agents such as *Giardia*, *Cryptosporidium*, and microsporidia resulting from the immunodeficient state.

### Graft-versus-host disease {#s0110}

Gastrointestinal complications are common in bone marrow transplant recipients rather than solid organ transplantation. The main cause of these complications comprises GVHD, infections, toxicity of medication, and preexisting GI disease. Patients suffering from acute GVHD are at higher risk for gastrointestinal infections. Donor T cells of cytotoxic subtype incite an immunologic reaction to certain host cells resulting in injury to GI mucosa. Patients with GVHD present with secretory diarrhea and abdominal pain and at times hemorrhage. Upper GI involvement is more common in children, while colonic involvement is usually more severe than small intestinal disease. Malabsorption may develop when small intestinal mucosa is severely damaged. Microscopic findings vary from damage to individual epithelial cell in the form of apoptosis to total mucosal ulceration and are graded according to Snover\'s criteria ([Table 6](#t0035){ref-type="table"} ).Table 6Grading of mucosal changes in GVHD (Snover)Grade 1Grade 2Grade 3Grade 4Crypt epithelial cell apoptosis\
![](t03804-05-9780123864567.gif)Apoptosis with crypt abscess\
![](t03804-06-9780123864567.gif)Individual crypt loss\
![](t03804-07-9780123864567.gif)Total mucosal denudation\
![](t03804-08-9780123864567.gif)

### A/hypobetalipoproteinemia {#s0115}

Deficiencies associated with carbohydrates, amino acids, electrolytes, and vitamins are rarely biopsied as the intestinal mucosa is either normal or only slightly abnormal, while deficiencies of lipid transport cause abnormalities in the intestinal mucosa. Among the latter, abeta/hypobetalipoproteinemia and chylomicron retention disease are the most commonly encountered disorders in infants with malabsorption. The patients suffer from diarrhea and fat malabsorption with low serum cholesterol and triglycerides and peripheral acanthocytosis. Duodenal mucosa shows lipid vacuolization of surface enterocytes with preserved villous architecture ([Figure 16(a)](#f0085){ref-type="fig"} --[16(c)](#f0085){ref-type="fig"}). It is an autosomal recessive disease characterized by the absence of apolipoprotein B (apoB), the transport protein of dietary fat from the small intestinal mucosa into the bloodstream. Mutations in microsomal triglyceride transfer protein (MTP) located in 4q22--q24 result in defective lipid transfer from endoplasmic reticulum to apoB ([Figure 17](#f0090){ref-type="fig"} ). SAR1B gene encoding protein carrier GTPase located in 5q31 is mutated in chylomicron retention disease. Lipid assembly is disorganized in both of these disorders resulting in low levels of serum lipids accompanied by various neurological manifestations due to malabsorption of fat-soluble vitamins, particularly vitamins E and A.Figure 16A hypobetalipoproteinemia. (a) Normal-looking duodenal mucosa with surface epithelial vacuolation (H&E; 40 ×). (b) Vacuolated appearance of surface enterocytes (H&E; 200 ×). (c) Lipid droplets in the enterocyte cytoplasm (Oil Red O; 200 ×).Figure 17(Left) Normal lipid absorption by the enterocytes: micelles and fatty acids are taken up by the enterocytes from the intestinal lumen by passive diffusion and transported to the ER by fatty acid-binding protein (FABP) where they are incorporated into triglycerides by binding to microsomal triglyceride transfer protein and ApoB48. From the ER, the prechylomicrons are transferred to the golgi where final glycosylation and synthesis of chylomicrons (CM) take place. (Right) Abetalipoproteinemia: the mutated microsomal triglyceride transfer protein interferes with the synthesis of ApoB48 and lack of ApoB48 causes defective chylomicron assembly.

### Intestinal lymphangiectasia {#s0120}

Intestinal lymphangiectasia is defined as the presence of dilated lymphatics within the intestinal mucosa. The form, known as secondary intestinal lymphangiectasia, is associated with a local neoplastic or inflammatory condition causing lymphatic obstruction. Conditions associated with secondary intestinal lymphangiectasia include lymphoma, carcinoma, Crohn\'s disease, systemic lupus erythematosus, Behçet\'s disease, trauma, cardiac disorders, and complications after liver transplantation and radiation therapy. Secondary form affects one side of the body resulting in unilateral edema but not protein-losing enteropathy. Primary intestinal lymphangiectasia, on the other hand, is a rare congenital disorder characterized by severe protein-losing enteropathy, peripheral edema, steatorrhea, chylous effusion and lymphocytopenia, growth retardation, and severe hypoalbuminemia. There is a major structural abnormality of the lymphatic system consisting of dilatation and tortuosity of lymphatic vessels resulting in lymphatic stasis in the intestinal wall. The resultant lymph leakage causes loss of proteins, vitamins, and other nutrients. Protein loss also causes immunoglobulin deficiency resulting in an immunodeficient state. Primary form is usually diagnosed before the age of 3 years. Though entire small intestine can be involved, duodenum is the most commonly affected part of small intestine. The mucosa shows features of lymphangiectasia on endoscopy as numerous white spots or nodules that correspond to the dilated lymphatics in superficial mucosa involving the villus tips with formation of 'lacteals' ([Figure 18(a)](#f0095){ref-type="fig"} and [18(b)](#f0095){ref-type="fig"}). These are dilated lymphatic vessels with endothelial lining and pale basophilic material of lymph fluid in their lumen.Figure 18(a) Intestinal lymphangiectasia with numerous dilated lymphatics within duodenal mucosa (H&E; 100 ×). (b) Typical 'lacteals' in the villous tips (H&E; 200 ×).

Infections {#s0125}
==========

Infectious agents that affect the gastrointestinal tract can be grouped as food-borne and water-borne bacteria, opportunistic infections (bacterial, fungal, and viral), viral infections (extremely rarely biopsied), and parasitic and helminthic infections. The majority of these infections are, however, self-limited. Those patients that undergo endoscopic biopsy often have chronic or debilitating diarrhea, or malabsorption leading to systemic symptoms, or a history of immunocompromise or other significant clinical scenarios. Clinicopathologic information regarding exact symptomatology and colonoscopic findings, as well as facts including travel history, food intake (such as sushi or poorly cooked beef), sexual practices, and immune status, can greatly aid in the diagnosis. Ancillary techniques including histochemistry, immunohistochemistry, and molecular methods like *in situ* hybridization and PCR can increase diagnostic accuracy.

Gastrointestinal infections can cause mucosal inflammation that represents various patterns of tissue response. Histological patterns of gastrointestinal infections are summarized in [Table 7](#t0040){ref-type="table"} . Though these patterns can be observed in any part of the gastrointestinal system, there are some organ-/site-specific findings of infectious diseases.Table 7Histological patterns of gastrointestinal infectionsHistological featureInfectionMinimal or no histological changes*Vibrio* speciesNonspecific inflammationCampylobacter jejuniSuggestive/diagnostic featuresGranulomas and pseudomembranes\
(mycobacteria and *Clostridium difficile*)Microorganism present on tissue sectionsGiardiasis and cryptosporidiosis

A wide variety of infectious agents including, viruses, parasites, and bacteria can affect small intestinal mucosa. Endoscopic picture may vary between erythema and granularity to erosions and ulcerations. The majority of infections cause only mild and nonspecific alterations in the intestinal mucosa including, IELosis, lamina propria inflammation, and rarely architectural changes, while some can be diagnosed by identifying the microorganism in biopsy specimens such as giardiasis, Whipple\'s disease (WD), and opportunistic infections including microsporidiosis, cryptosporidiosis, and cytomegalovirus (CMV) infection. The general pathogenetic mechanism shared by many small intestinal infections depends on the interaction of the infectious agent with the mucosal components including the enterocytes and the immune modulators and effector cells in the lamina propria. This interaction requires an intact mucosa with intact enterocytes as well as an intact innate and adaptive intestinal immune system. The way that intestinal immune system recognizes pathogens from nutrients and microflora residents is via the recognition of pathogen-associated molecular patterns (PAMPs). These pattern recognition receptors include Toll-like receptors and NOD-like receptors that sense extracellular and intracellular PAMPs, respectively. They are specifically expressed in response to certain microbial stimuli, especially to invasive microorganisms. The immune effectors or modulators, on the other hand, are products of distinct genes, which may be either constitutively expressed (i.e., alpha defensins) or inducible (i.e., beta defensins) molecules by infectious stimuli.

Bacterial Infections {#s0130}
--------------------

Bacterial enteropathogens have a variety of virulence properties that determine the pattern of interaction with the intestinal mucosa and the clinical presentation. Bacterial adherence and bacterial translocation are the two major mechanisms by which intestinal damage occurs. Enterocyte adherence results from interaction between bacteria and its receptor on the epithelial cell surface. Bacterial translocation, on the other hand, refers to the transportation of bacteria from the lumen through the mucosa to distant sites such as the mesenteric lymph nodes, spleen, and liver. Bacterial overgrowth, impaired host defenses, and disruption of mucosal barrier are the main causes of bacterial translocation ([Figure 19](#f0100){ref-type="fig"} ). Though numerous bacteria may cause small intestinal infection, they usually involve the colonic mucosa as well, in the form of enterocolitis. Therefore, those that mainly affect the small intestine will be discussed here.Figure 19Mechanisms of intestinal damage in bacterial infections. Bacterial adhesion results from the interaction between bacteria and its receptor on the epithelial cell surface, whereas bacterial translocation refers to the transportation of bacteria from the lumen through the mucosa to distant sites like mesenteric lymph nodes.

### Small intestinal bacterial overgrowth (SIBO) {#s0135}

All causes of bacterial overgrowth including motor/neural disorders such as diabetes and scleroderma, diverticula, and surgical anastomoses are related to stasis. Bacterial overgrowth syndrome is more prevalent in elderly populations because of diminished gastric acid secretion and consumption of a large number of medications that can cause hypomotility. In addition, many patients with irritable bowel syndrome may suffer from this condition. Normally, small intestinal lumen is colonized by facultative anaerobe or obligate bacteria, particularly bacteroides species, which are most abundant in the distal ileum. Any disbalance of this complex intestinal microbiome, both qualitative and quantitative, might have serious health consequences resulting in SIBO. The diagnosis of bacterial overgrowth relies on the presence of increased intestinal volume and bacterial concentrations, hydrogen breath tests, and response to antibiotics. Small bowel aspirate and quantitative cultures with more than 10^5^  CFU ml^− 1^ considered the cutoff are the diagnostic procedures. The resultant picture involves deconjugation of bile acids by bacterial enzymes causing loss of deconjugated bile acids in stool and decreased bile acid pool that is not enough for lipid digestion/absorption. Moreover, intraluminal consumption of nutrients such as carbohydrates and amino acids, vitamin B12, and iron by bacteria via competition and damage to small bowel enterocytes by bacteria causes a sprue-like histological and clinical picture. Proposed mechanisms for bacterial overgrowth are presented in [Table 8](#t0045){ref-type="table"} . The mucosal biopsy may be normal or histopathologic picture may vary between mild to moderate villous shortening and blunting with increased chronic inflammatory cells in the lamina propria and IELs and/or neutrophils. As these features are usually patchy in nature, multiple biopsies should be taken. The diagnosis is difficult for the pathologist without clinical correlation.Table 8Mechanisms of bacterial overgrowthMechanismCauseDefective clearance in the upper GI tractAchlorhydriaSeeding of small bowel with colonic contentsJejuno--colic fistulae\
Defective ileocecal valveDefective peristalsisMotility disorders\
Neuromuscular disorders

### Whipple\'s disease {#s0140}

WD is a rare, relapsing chronic, and systemic bacterial infection caused by an actinomycete, *Tropheryma whipplei*. There is evidence of a host-related and possibly genetically determined increased susceptibility to Whipple\'s disease related to innate defects in T cells and mononuclear cells. Persistent macrophage dysfunction may predispose to the infection since macrophages are unable to degrade the phagocytosed bacteria. Patients present with malabsorptive diarrhea, arthralgia, lymphadenopathy, and cardiac and central nervous system symptoms. Malabsorption in Whipple\'s disease is due predominantly to blockage of nutrient movement in the lamina propria and in the mesenteric lymphatic drainage system by PAS-positive macrophages. Lipid accumulation in the mucosa and mesenteric lymph nodes is a prominent feature in the small intestine and led to Whipple\'s name for the disorder -- 'intestinal lipodystrophy.' The characteristic feature in the small intestinal biopsy consists of blunted villi with distended lamina propria resulting from the accumulation of foamy histiocytes containing PAS-positive rod-shaped, rounded, or sickle-shaped bacilli.

### Mycobacterium avium--intracellulare complex {#s0145}

Mycobacterium avium--intracellulare complex (MAI) is a significant cause of opportunistic infection in immunocompromised individuals, particularly those with AIDS, particularly in the pre-HAART (highly active antiretroviral treatment) era. The organism is acquired through exposure to aerosols, food, water, and soil. The GI tract is affected twice as frequently as the lungs, the small intestine being the preferred site. Healthy people do not develop active disease after exposure, while those with a low CD4 + T-cell count are at risk. Patients suffer from malabsorption, abdominal pain, fever, and weight loss. Small intestinal biopsy reveals villous blunting and distension of the lamina propria by histiocytes loaded with acid-fast bacilli without well-formed granulomas that may be present in immunocompetent hosts.

Fungal Infections {#s0150}
-----------------

Fungal infections of the GI tract have become more common over the years as numbers of patients with organ transplants, AIDS, and other immunodeficiencies have increased. GI fungal pathogens predominantly affect the immunocompromised individuals as opportunistic infections. Almost all fungi may involve the small intestine during the disseminated GI involvement but *Histoplasma* and *Cryptococcus* have particular predilection for the small intestine and colon. *Histoplasma capsulatum* commonly involves the ileum causing ulcers and obstructive masses in the lumen. Histologically, lymphohistiocytic infiltration usually involving the mucosa and submucosa with ulceration, resembling WD, is observed. Granulomas are only present in a small percentage of cases. *Histoplasma* organisms are present in the cytoplasm of histiocytes as ovoid yeast forms. *Cryptococcus neoformans* may involve the GI tract in patients with disseminated disease. Histological features include round to oval yeast forms with budding and occasional hyphae or pseudohyphae. There may be necrotizing, suppurative inflammation and granuloma formation in many cases.

Protozoan Infections {#s0155}
--------------------

Giardiasis is the leading GI protozoan disease worldwide with an increase in summer and autumn. Infection occurs by fecal--oral transmission, contaminated food and water, and person-to-person transmission. A number of studies have found that children and patients with hypogammaglobulinemia, agammaglobulinemia, IgA deficiency, and/or achlorhydria have a higher incidence of infection with *Giardia*. However, a humoral immunodeficiency state is not necessary for infection. Immunosuppressed patients are more likely to have long-term infections with chronic diarrhea and malabsorption, while immunocompetent patients are more likely to have an acute self-limited diarrheal illness or become asymptomatic carriers. In its classical picture, diarrhea, abdominal pain, boating, nausea and vomiting, malabsorption, and weight loss are the main presenting symptoms. *Giardia* exists in two forms: the motile trophozoite and the infective cyst. Following ingestion, the cyst forms two trophozoites in the duodenum. These are pear-shaped with two nuclei or sickle-shaped in sagittal plane appearing faintly basophilic on H&E sections. Trophozoites are typically found in the lumen near the surface or as attached to the enterocytes ([Figure 20(a)](#f0105){ref-type="fig"} and [20(b)](#f0105){ref-type="fig"}). Giardiasis is a typical example of enteric infection that presents with normal or near-normal mucosa, although more severe change in the villous morphology resembling CD may rarely be seen. In children, giardiasis can cause lymphoid hyperplasia in the small intestinal mucosa.Figure 20(a) *Giardia lamblia* trophozoites near the surface epithelium (H&E; 200 ×). (b) Pear-shaped and sickle-shaped trophozoites (H&E; 400 ×).

Coccidial infections are commonly observed in immunocompromised patients, particularly those with AIDS. However, all except microsporidia may also infect healthy individual and cause diarrhea accompanied by fever, weight loss, and abdominal pain. The immunocompromised patients may suffer from malabsorption. Among the most common coccidial organisms infecting the small bowel are *Cryptosporidium parvum*, *Cyclospora cayetanensis*, *Isospora belli*, *Microsporidium*, cryptosporidia, microsporidia, and *I. belli* are often missed, because of their small size, intracellular location, and poor staining with usual tissue stains thereby require special stains. Cryptosporidiosis is usually associated with normal duodenal histology in mild infections, whereas severe inflammation and villous atrophy may complicate serious infections. The diagnosis relies on the detection of tiny acid-fast oocytes in fresh stools. Its characteristic appearance is a tiny spherical or ovoid basophilic organism attached to the apical aspect of the enterocyte both in the surface and crypt epithelium ([Figure 21](#f0110){ref-type="fig"} ). They are best seen with modified Kinyoun stain. *Cyclospora* is similar to *Cryptosporidium* but it is larger and is usually found in the enterocyte cytoplasm. They stain with modified acid-fast stains. *Isospora* infection may lead to more morphological abnormalities in the form of villous blunting, crypt hyperplasia, and a mixed inflammatory infiltrate in the lamina propria, predominantly rich in eosinophils. The parasite is banana-shaped and can be found in the cytoplasm of the enterocyte ([Figure 22](#f0115){ref-type="fig"} ) highlighted by a Giemsa stain.Figure 21Cryptosporidia as basophilic spherical organisms attached to the crypt epithelium (H&E; 400 ×).Figure 22Banana-shaped *Isospora belli* in the surface epithelium (H&E; 200 ×).

Helminthic Infections {#s0160}
---------------------

Although helminthic infections affect the entire GI tract, those that predominantly infect the small bowel will be discussed here. Infection with *Ancylostoma duodenale*, a hookworm, causes chronic blood loss and malabsorption and bloody diarrhea leading to iron deficiency anemia. Patients often have peripheral eosinophilia with mucosal eosinophilic infiltrates. Mucosal ulcerations are common when there is heavy parasitic infection. *Strongyloides stercoralis* also causes malabsorption, diarrhea, and eosinophilia. The intestinal surface is hemorrhagic and eroded covered with a pseudomembrane of exudate and fibrin. Larvae, adult forms, and eggs may all be present within the crypts ([Figure 23](#f0120){ref-type="fig"} ). *Fasciolopsis buski* inhabits the upper small intestine. The infection is usually asymptomatic unless there is heavy parasitic infection. Symptoms include nausea, diarrhea, and GI hemorrhage. Large adult parasites attach to the intestinal mucosa inciting an inflammatory reaction.Figure 23Eggs and larvae of *Strongyloides stercoralis* within the epithelium and lumen of the crypts (H&E; 200 ×).

Viral Infections {#s0165}
----------------

Biopsies from patients with enteric viral infections seldom if ever cross the stage of the surgical pathologist, as they are detected in stool samples rather than biopsy specimens. Some common enteric viruses known to cause diarrhea include, adenovirus, rotavirus, coronavirus, echovirus, enterovirus, astrovirus, and Norwalk virus. Rotavirus is the most common cause of severe childhood diarrhea and diarrheal mortality worldwide, particularly in children under the age of 2 years. Patients develop fever, severe watery diarrhea, and vomiting leading to dehydration and acidosis. Biopsy changes are very nonspecific and include increased inflammatory cells in the lamina propria, degenerative epithelial changes, and widening of villous tips. The diagnosis of rotavirus is generally made by stool immunoassay and/or culture, and the disease is rarely biopsied. Adenovirus infection is also frequent as a cause of childhood diarrhea. However, it may also cause diarrhea in immunocompromised patients, especially those with human immunodeficiency virus (HIV) and AIDS. Histological features of adenovirus infection include epithelial cellular changes such as loss of maturation, disorganization, and degeneration. Characteristic inclusions usually crescent-shaped may be seen, especially in immunocompromised patients, within the nuclei of surface epithelium (particularly goblet cells). Useful aids to diagnosis of adenovirus infection include immunohistochemistry, stool examination by electron microscopy, and viral culture. Pathologists usually get a specimen from adenovirus-infected patients when the patient develops intussusception.

CMV infection may be diagnosed in patients with immunosuppression or IBD even when the patients have not been treated with steroids. It is particularly important to consider this diagnosis in patients with steroid-resistant disease as treating the CMV may prevent the need for other medical therapy or surgery. Symptoms may vary with the immune status of the patients and the site of the infection. Most commonly abdominal pain, diarrhea, fever, and weight loss are observed, while isolated CMV infection of the duodenum may lead to severe GI bleeding. It usually causes ulceration of the mucosa and the viral inclusions are frequently found at the ulcer base. The characteristic owl\'s eye inclusions are preferentially found in endothelial cells and stromal cells but only rarely in enterocytes ([Figure 24(a)](#f0125){ref-type="fig"} --[24(c)](#f0125){ref-type="fig"}). Though H&E sections are diagnostic, immunohistochemistry may be applied when in doubt. CMV infection may mimic IBD both clinically and histologically.Figure 24(a) Cytomegalic inclusions in the endothelial cells in a case with Crohn\'s disease (H&E; 200 ×). (b) Characteristic owl\'s eye inclusions of cytomegalovirus (CMV) (H&E; 400 ×). (c) Positive staining of the inclusions with anti-CMV ab (IHC with anti-CMV ab; 200 ×).

Diarrhea in the setting of HIV infection may be related either to the infection itself, to the treatment, or to the opportunistic infections. Gastrointestinal complications of HIV infection have dramatically decreased after the introduction of HAART protocols. However, the effects of antiviral drugs on the GI tract together with superimposed infections are still commonly seen in these patients, especially in those with sustained low levels of CD4 + T-cell counts. Also, these patients may have atypical presentations of opportunistic infections that occur during or after therapy. Hence, a CD4 count \<200 cells mm^− 3^ is the marker for those patients who should be searched for opportunistic infections for their GI symptoms. Histological features of 'HIV enteropathy' include crypt hypertrophy, increased apoptosis in the enterocytes, and villous atrophy that are reminiscent of GVHD. HIV-associated pathology of the small intestinal mucosa is summarized in [Table 9](#t0050){ref-type="table"} .Table 9Causes of HIV-associated mucosal pathologyInflammatory/ulcerativeViral infectionBacterial infectionProtozoal infectionHelminthic infectionFungal infectionHIV enteropathyCMVMAIGiardiasis\
Cryptosporidia\
Microsporidia\
*IsosporaStrongyloides stercoralisHistoplasma capsulatum*

Abbreviations {#no0010}
=============

AIDS

:   Acquired immunodeficiency syndrome

CD

:   Celiac disease

CMV

:   Cytomegalovirus

CVID

:   Common variable immunodeficiency

EITCL

:   Enteropathy-induced T-cell lymphoma

GFD

:   Gluten-free diet

GSE

:   Gluten-sensitive enteropathy

GVHD

:   Graft-versus-host disease

HIV

:   Human immunodeficiency virus

HLA

:   Human leukocyte antigen

IEL

:   Intraepithelial lymphocyte

IELosis

:   Intraepithelial lymphocytosis

MAI

:   Mycobacterium avium--intracellulare complex

MVID

:   Microvillus inclusion disease

NSAID

:   Nonsteroidal anti-inflammatory drug

PAS

:   Periodic acid--Schiff

SIBO

:   Small intestinal bacterial overgrowth

TPN

:   Total parenteral nutrition

tTG

:   Tissue transglutaminase

Glossary {#s0170}
========

Autoimmune enteropathyThis is a rare condition caused by autoantibodies to intestinal mucosa primarily affecting children who suffer from severe chronic diarrhea within the first months of life.Celiac diseaseCeliac disease (CD), also known as celiac sprue, nontropical sprue, gluten-induced enteropathy, or gluten-sensitive enteropathy (GSE), is a chronic inflammatory disorder of the small intestine induced by a T-cell-mediated immune response and characterized by malabsorption after ingestion of wheat gluten or related proteins in rye (secalins) and barley (hordeins) in individuals with a certain genetic background.Common variable immunodeficiency (CVID)CVID is primarily a dysfunction of B-cell differentiation resulting in hypogammaglobulinemia and diminished ability to produce antibodies.DeamidationDetachment of an amino group by tissue transglutaminase from gliadin that becomes negatively charged.Enteroendocrine cell dysgenesisThis disorder is associated with neurogenin 3 mutation that is a protein involved in gut and pancreatic endocrine cell development, located on chromosome 10q21.3.Enteropathy-induced T-cell lymphoma (EITCL)This high-grade T-cell lymphoma is the most fearsome complication of CD in patients with long-standing malabsorption.Eosinophilic gastroenteritisThis is a spectrum of diseases characterized by eosinophilic infiltration of various segments of the GI tract together with peripheral eosinophilia and coexisting allergies.Graft-versus-host disease (GVHD)Donor T cells of cytotoxic subtype incite an immunologic reaction to certain host cells resulting in injury to GI mucosa. Gastrointestinal complications are common in bone marrow transplant recipients rather than solid organ transplantation.Intestinal lymphangiectasiaIntestinal lymphangiectasia is defined as the presence of dilated lymphatics within the intestinal mucosa. It can be either primary due to a structural abnormality of the lymphatic system or secondary due to a local neoplastic or inflammatory condition causing lymphatic obstruction.Intraepithelial lymphocyteT cell residing in the surface epithelium bearing T-cell receptors. The majority of IELs are T cells, which are mostly cytotoxic T cells expressing αβ TCR on their surface. The population specifically expanded in GSE is the CD3 +/CD4 −/CD8 −, γδ TCR-bearing IELs, which is only 5% of the total in normal mucosa.Intraepithelial lymphocytosisLess than 20 intraepithelial lymphocytes/100 enterocytes. Characteristic finding in celiac disease but may also be found in a variety of intestinal disorders causing malabsorption.MalabsorptionMalabsorption syndrome refers to the clinical picture comprising diarrhea, steatorrhea, malnutrition, weight loss, abdominal pain, and anemia due to maldigestion, mucosal/mural problems, or infections.Microvillus inclusion disease (MVID)MVID is an uncommon congenital enteropathy characterized by severe, intractable diarrhea within the first week of life due to defective MYO5B gene located on 18q21 encoding myosin Vb that regulates distribution of endosomes. It is characterized by loss of microvilli and numerous microvillus inclusions in the apical cytoplasm of the enterocytes.Neonatal enteropathySevere intractable chronic (\> 2--3 weeks) diarrhea starting immediately after birth and resulting in failure to thrive of the infant.Peptic duodenal diseaseThis represents a continuum of the same disease process of acute and chronic inflammation of the duodenal mucosa resulting from the toxic effects of excess gastric acid. Chronic *H. pylori* infection is highly associated with peptic disease of the duodenum in more than 80% of the cases.Refractory sprueRefractory sprue is defined as incomplete or no response to GFD for at least 6 months. It can be either primary, as lack of initial response to diet, or secondary, as unresponsiveness to diet in the form of a relapse. Primary refractory sprue can include many different pathological conditions mimicking CD, comprising collagenous sprue, ulcerative jejunitis, lymphocytic colitis, collagenous colitis, and EITCL.Small intestinal bacterial overgrowth (SIBO)Stasis caused by motor/neural disorders such as diabetes and scleroderma, diverticula, and surgical anastomoses results in abnormal proliferation of facultative aerobe bacteria normally colonized in the intestinal lumen.Tissue transglutaminaseThe enzyme found in the lamina propria beneath the surface epithelium of small intestinal mucosa that removes an amino group from gliadin (deamidation) and adds the remainder of the peptide to the existing protein.Tropical (postinfectious) sprueThis is a rare disorder of unknown etiology, mainly occurring among residents or visitors to the tropical countries. Malabsorption is usually initiated by an infection followed by colonization of the small bowel by enterotoxigenic bacteria.Tufting enteropathy (TE)TE causes severe diarrhea in the first week of life together with various dysmorphic features including choanal atresia and esophageal/rectal atresia in some of the affected infants. EpCAM mutations on chromosome 2p21 have recently been suggested as the responsible genetic abnormalities. It is characterized by epithelial tufts or buds along the luminal aspect of the enterocytes.
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